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1.0 

INTRODUCTION  AND  SUMMARY 

A backgrounds  measurement  and  analysis  program  is  being  conducted 
for  the  Navy  Optical  Signatures  Program  for  the  purpose  of  generating 
calibrated  digital  imagery  over  various  terrain  backgrounds,  generating 
statistics  for  these  scenes  useful  for  classifying  various  background 
types,  and  for  developing  statistical  measures  that  can  be  related  to 
various  system  performance  characteristics. 

Previous  efforts  on  this  program  have  included  a literature  search 
and  bibliography  of  available  backgrounds  data  [Reference  1].  In  addi- 
tion, selected  terrain  backgrounds  data  that  were  available  that  had 
been  collected  with  the  ERIM  airborne  mul tispectral  scanner  were  analyzed 
and  the  results  reported  [References  2 and  3].  ERIM  airborne  multi- 
spectral  scanner  data  are  especially  suitable  for  terrain  backgrounds 
analysis  because  the  data  are  mul tispectral,  registered,  calibrated, 
in  digital  format,  are  available  with  a ground  spatial  resolution  of 

two  to  three  feet,  and  provide  a large  coverage  of  the  terrain.  The 

data  that  were  available  for  the  early  analysis  efforts  reported  in 
References  2 and  3 were  primarily  data  in  spectral  bands  positioned 
between  1.0  and  2.5  urn  and  in  the  8.0  - 13.5  ym  spectral  region. 

The  current  program  extends  the  work  of  last  year  with  a data 
collection  and  analysis  program.  Airborne  data  were  collected  over  an 
urban  and  a forested  area  in  West  Virginia  in  October  1977,  over  a 
desert  and  mountainous  terrain  at  Nellis  AFB  in  February  1978,  and 
over  water  at  Pt.  Mugu  in  March  1978.  Data  were  collected  in  the  mid- 
IR  in  spectral  bands  from  2.0  - 2.6,  3.0  - 4.2,  3.5  - 3.9,  3.9  - 4.7, 

4.5  - 5.5,  and  5.1  - 5.7  ym  as  well  as  in  the  spectral  band  from 

9.0  - 11.4  ym  with  the  ERIM  M-7  multispectral  scanner. 

An  extensive  series  of  flights  at  Nellis  AFB  was  made  in  order  to 
assess  and  compare  the  statistical  characteristics  of  the  desert  and 
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mountainous  terrain  under  a variety  of  conditions.  A subset  of  the 
data  was  selected  in  order  to  compare  the  desert  and  mountainous  terrain 
and  to  determine  the  effects  of  depression  angle  and  time  of  day  on  the 
statistics.  In  addition,  the  altitude  dependence  of  the  measurements 
in. the  5.1  - 5.7  urn  band  on  the  edge  of  the  water  vapor  absorption  at 
6.3  ym  was  investigated. 

Analysis  of  this  subset  of  data  collected  at  Nellis  AFB  in  the 
3.5  - 3.9,  3.9  - 4.7,  5.1  - 5.7,  and  9.0  - 11.4  urn  has  been  completed. 
The  analysis  has  included  measurement  of  means,  standard  deviations, 
spectral  correlation  coefficients,  ellipse  statistics,  histograms,  and 
power  spectra.  A number  of  significant  findings  result  from  the 
analysis : 

• The  5.1  - 5.7  urn  band  is  severely  attenuated  b} 
atmospheric  water  vapor  absorption.  The  mean 
apparent  scene  temperature  and  the  clutter  are 
lower  at  5000  ft  than  at  1000  ft. 

• The  flat  desert  terrain  is  hotter  and  less  cluttered 
than  the  mountainous  desert  terrain  at  Nellis. 

• Shadows  are  the  most  prominent  feature  in  the  moun- 
tainous desert  terrain  at  Nellis.  This  causes  the 
clutter  and  the  spectral  correlations  to  be  higher 
over  the  mountains  than  over  the  desert.  This  also 
causes  the  mean  scene  temperature  over  the  mountains 
to  be  lower  than  over  the  desert. 

•The  3.5  - 3.9,  3.9  - 4.7,  and  9.0  - 11.4  urn  data  over 
the  mountains  are  correlated  with  a correlation  co- 
efficient between  0.8  and  0.9.  The  correlation  co- 
efficients over  the  desert  are  significantly  lower. 
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• The  means  and  standard  deviations  of  the  data  in 
the  downward  vs  the  35°  depression  angle  data  were 


not  found  to  be  significantly  different. 

•The  mean  scene  apparent  temperatures  at  1500  hrs 
were  found  to  be  about  5K  higher  than  at  1000  hrs. 

Scene  clutter  was  about  the  same  at  1500  hrs  as 
at  1000  hrs. 

• Due  to  the  solar  reflection  in  the  3. 5-3.9  ym  band,  the  mean 
apparent  temperatures  and  clutter  are  higher. 

•There  are  a significant  number  of  contiguous  areas 
2 

up  to  200  m at  a one  standard  deviation  above  the 
mean  threshold  in  all  of  the  data. 

•The  moutainous  desert  terrain  at  Nellis  showed 
more  large  areas  at  the  one  standard  deviation 
above  the  mean  than  the  other  types  of  terrain 
analyzed. 

Data  collected  over  the  urban  and  forested  area  of  West  Virginia 
in  the  3.9  - 4.7  pm  spectral  band  were  also  analyzed.  The  following 
findings  have  resulted  from  the  analysis: 

• No  significant  differences  in  scene  mean  apparent 
temperatures  or  standard  deviations  were  observed 
for  90°  vs  35°  depression. 

•The  clutter  over  the  urban  area  was  significantly 
larger  than  over  the  rural  area. 

Finally,  sunglint  data  at  Pt.  Mugu  for  fairly  calm  sea  state  con- 
ditions has  been  analyzed.  For  the  prevailing  conditions: 

, •The  peak  sunglint  in  the  2.0  to  2.6  pm  band  was 

600  - 700  pw/cm^- sr • pm. 
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• The  peak  sunglint  apparent  temperature  in  the 
3.9  - 4.7  pm  band  was  observed  to  be  310  to  320K; 
in  the  4.5  to  5.5  um  band,  292  to  29 3K. 


•The  sunglint  was  not  observable  in  the  9.0  - 11.4  um 
band. 


Additional  data  collected  at  Nellis  AFB  in  the  2.0  - 2.6  and  4.5  - 
5.5  um  band  is  scheduled  for  reduction  and  statistical  analysis  along 
with  further  investigation  into  the  effects  of  direction  of  flight  and 
meteorological  coalitions. 

In  the  material  that  follows,  a very  brief  description  of  the  ERIM 
M-7  mul tispectral  scanner  and  data  reduction  procedures  is  given,  and 
then  a summary  of  the  data  and  analysis  completed  to  date  for  the 
specific  purposes  of  collection  described  above  are  given. 


. 
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2.0 


MULTISPECTRAL  SCANNER 


Figure  1 is  a schematic  of  the  M-7  multispectral  scanner. 
Radiation  in  the  visible  portion  of  the  spectrum  is  collected  in 
detector  position  number  3,  dispersed,  and  sensed  with  12  photo 
multipliers.  By  use  of  a dichroic  beam  splitter,  energy  beyond 
0.9  pm  is  directed  to  detector  position  number  2.  'or  the  flights 
at  Nellis  AFB  and  Pt.  Mugu  a two  or  three  element  InSb  detector  array 
was  placed  in  detector  position  2 with  each  detector  element  appro- 
priately filtered.  The  two  element  InSb  array  was  filtered  to 
3.5  - 3.9  pm  and  3.9  - 4.7  pm.  The  three  element  InSb  array  used  for 
some  flights  was  filtered  to  2.0  - 2.6,  3.0  - 4.2,  and  4.5  - 5.5  pm. 

A filtered  HgCdTe  detector  was  used  in  detector  position  1A.  On  some 
flights  a 5.1  - 5.7  pm  filter  was  used,  on  others  a 9.0  - 11.4  pm 
filter  was  used.  It  is  important  to  note  that  the  data  in  all  12 
visible  bands,  the  2 (or  3)  InSb  mid-IR  bands,  and  the  filtered 
HgCdTe  band  are  collected  simultaneously  and  can  be  spatially 
registered  by  accounting  for  the  delay  between  the  two  InSb  detectors. 

The  InSb  detectors  are  2.5  mrad  detectors  and  the  HgCdTe  detector 
is  2.9  mrad.  The  scanning  motor  scans  60  lines/sec.  The  detectors 
scan  across  up  to  six  calibration  sources  located  inside  the  scanner 
housing  with  each  rotation  of  the  scan  mirror.  The  various  IS 
channels  are  calibrated  with  two  controlled  blackbody  sources  located 
in  the  scanner  housing.  The  scanner  is  mounted  in  a C-47  aircraft 
that  flys  with  a typical  ground  speed  of  202  ft/sec.  Hence  a scan 
„ line  is  recorded  for  every  3.4  feet  of  aircraft  motion  at  a scan 
rate  of  60  lines/sec.  At  an  aircraft  altitude  of  1300  feet,  with  a 
detector  resolution  of  2.5  mrad,  the  imagery  produced  is  contiguous 
with  a ground  resolution  of  3.4  feet.  At  lower  altitudes  the  data 
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FIGURE  1.  OPTICAL  SCHEMATIC  OF  ERIM  EXPERIMENTAL  MULTISPECTRAL  SCANNER,  M-7 
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are  somewhat  under  sampled,  and  at  higher  altitudes  the  data  are  over- 
sampled. As  part  of  the  calibration  procedure  an  appropriate  number 
of  lines  are  averaged  so  that  in  the  resulting  image  there  is  only 
one  digital  value  for  each  resolution  size  (2.5  mrad)  ground  spot  in 
the  image.  Calibrated  data  tapes  are  maintained  for  further  analysis 
as  necessary. 


3.0 

DISCUSSION  OF  RESULTS 


3.1  HISTOGRAMS 

Figure  2 shows  samples  of  imagery  obtained  in  four  of  the  spectral 
bands  of  interest  over  thp  mountains  at  Nellis  AFB.  The  3.5  - 3.9, 

3.9  - 4.7,  and  9.0  - 11.4  pm  images  were  obtained  simultaneously  at 
0916  on  February  25,  1978.  The  similarity  of  features  in  the  imagery 
in  these  three  spectral  bands  is  typical  of  the  imagery  in  the  three 
spectral  bands  that  are  described  below.  The  5.1  - 5.7  pm  band  image 
was  obtained  at  1513  and  is  included  to  show  the  low  signal-to-noise 
ratio  in  the  imagery  because  of  the  water  vapor  absorption  in  the  band. 

Figure  3 shows  imagery  over  the  desert  type  terrain  and  a dry 
lake  at  Nellis  AFB  obtained  at  1056  on  February  25,  1978. 

Table  1 summarizes  the  Nellis  AFB  data  selected  for  analysis  on 
this  program.  Data  from  four  passes  over  the  mountains  and  one  over 
the  desert  are  denoted  by  NEV  B,  NEV  C,  NEV  D,  NEV  E,  and  NEV  F. 

These  data  were  all  collected  on  February  25,  1978,  under  clear  con- 
ditions with  only  high  thin  clouds  at  the  time  of  data  collection. 

Figures  4a,  4b,  and  4c  are  histograms  of  imagery  over  the  mountains 
at  Nellis  AFB  (NEV  F)  obtained  at  1034  on  February  25,  1978,  with  the 
scanner  tilted  55°  forward  from  nadir  to  achieve  a 35°  depression  angle 
configuration  with  the  aircraft  approximately  1000  ft  above  the  local 
terrain.  These  histograms  have  been  constructed  so  that  the  vertical 
scale  represents  the  fractional  number  of  pixels  in  the  scene  at  tem- 
perature T in  an  increment  AT,  where  AT  is  the  temperature  quantization 
that  is  indicated  in  each  histogr-  n figure.  The  linear  horizontal 
scale  is  apparent  temperature  from  260  to  330K.  The  calibration  pro- 
cedure emploved  in  reducing  the  multispectral  scanner  data  for  this 
program  has  been  designed  to  convert  measured  radiances  in  each  IR 
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FIGURE  3.  DESERT  AND  DRY  LAKE  NELLIS  AFB  IMAGERY 


TABLE  1.  NELLIS  AFB  DATA  ANALYSIS 


(Spectral  Bands,  Altitude,  Depression  Angle, 

Time,  Flight  Direction,  and  Approximate  Ground  Coverage) 

NEV  B 3.9  - 4.7,  3.5  - 3.9,  5.1  - 5.7  urn 

1000  ft  altitude  - 35°  depression  angle 

1511  hrs,  E,  mountains 
1750  x 6750  ft 

NEV  Cl  3.9  - 4.7,  3.5  - 3.9,  9.0  - 11.4  urn 

1000  ft  altitude  - 35°  depression  angle 

1056  hrs,  W,  desert  east  of  drv  lake 
1750  x 3400  ft 

NEV  C2  Same  but  west  of  dry  lake 

NEV  D 3.9  - 4.7,  3.5  - 3.9,  9.0  - 11.4  urn 

1750  ft  altitude  - 90°  depression  angle 
0914  hrs,  W,  mountains 
1750  x 6750  ft 

NEV  E 3.9  - 4.7,  3.5  - 3.9,  5.1  - 5.7  urn 

5000  ft  altitude  - 35°  depression  angle 

1424  hrs,  E,  mountains 
8700  x 6400  ft 

NEV  F 3.9  - 4.7,  3.5  - 3.9,  9.0  - 11.4  pm 

1000  ft  altitude  - 35°  depression  angle 

1034  hrs,  E,  mountains 
1750  x 6750  ft 
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FIGURE  4b . HISTOGRAM  OF  DATA  OVER  NELLIS  MOUNTAINS. 

Scanner:  35°  Depression  Time:  1034  Altitude:  1000  Ft 


FIGURE  <*c.  HISTOGRAM  OF  DATA  OVER  NELLIS  MOUNTAINS 

Scanner:  35°  Depression  Time:  1034  Altitude:  1000  Ft 


band  (except  2.0  - 2.6  pm  band)  for  each  picture  or  scene  element  to 
an  apparent  temperature  for  that  picture  element.  The  advantages  of 
presenting  the  data  in  this  way  are  the  ease  of  comparison  of  data  in 
different  spectral  bands,  where  temperature  is  a familiar  unit  of  mea- 
sure. Another  advantage  is  that  spectral  or  band  radiances  can  be 
easily  derived  by  using  the  reported  apparent  temperatures  in  the  Planck 
radiation  equation.  This  is  especially  convenient  when  radiances  or 
band  radiances  are  needed  in  bands  not  exactly  like  that  of  the  sensor 
used  to  collect  the  data  and  when  the  spectral  variation  across  the  band 
is  not  a serious  factor.  However,  it  should  be  noted  that  the  various 
statistics  are  based  on  the  apparent  temperatures  of  scene  elements 
which  tend  to  weigh  more  heavily  the  low  temperature  elements  in  the 

scene  than  would  statistics  calculated  on  the  basis  of  scene  element 

2 

radiances.  A scale  of  band  radiance  in  pW/cnT-sr  is  also  shown  in  the 
figures,  and  it  is  a non-linear  scale  because  of  the  non-linearity 
between  temperature  and  radiance.  Tables  of  apparent  temperature  and 
equivalent  band  radiance  values  are  included  as  Appendix  1.  Also  shown 
on  each  histogram  is  a "bin  number"  scale  along  with  the  temperature 
scale.  The  original  data  was  recorded  in  the  bin  number  range  0 to  255, 
and  the  scale  is  shown  so  that  the  temperature  range  in  the  data  recorded 
without  saturation  can  be  easily  identified.  The  digital  number  scale 
shown  is  linear  with  apparent  temperature. 

An  obvious  similarity  exists  between  the  histograms  of  the  data  in 
the  3.9  - 4.7  urn  band  and  in  the  9.0  - 11.4  pm  band.  Figures  4b  and  4c. 
The  mean  scene  apparent  temperatures  (286.5  and  287.1  K)  and  the  standard 
deviation  of  the  distribution  of  temperatures  in  the  scene  (5.7  and  6.5  K) 
are  very  nearly  alike.  On  the  other  hand,  the  histogram  of  the  3.5  - 
3.9  data  is  considerably  broader  with  a mean  and  standard  deviation  of 
296.8  and  9.9K.  This  is  not  unexpected  due  to  the  dominant  solar 
reflection  from  3.5  to  3.9  um.  Also  shown  in  Figures  4a,  4b,  and  4c 
are  Gaussian  distributions  based  on  the  measured  mean  and  standard 
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deviation  in  the  data.  The  Gaussian  distribution  is  shown  by  the  circle 
symbols  on  the  plots  at  half-standard  deviation  increments. 

Figures  5a  and  5b  show  histograms  of  data  in  the  5.1  - 5.7  um  band 
at  two  different  altitudes,  1000  ft  in  Figure  5a  and  5000  ft  in  Figure 
5b.  These  are  histograms  of  data  collected  over  the  mountains  at  Nellis 
AFB  in  the  mid-afternoon  of  February  25,  1978,  with  the  scanner  at  a 
depression  angle  of  35°.  There  are  two  pronounced  differences  in  the 
histograms,  namely  that  the  mean  temperature  at  5000  ft  is  5K  lower 
than  at  1000  ft,  and  that  there  is  more  clutter  at  1000  ft  than  at 
5000  ft.  The  first  difference  is  consistent  with  the  fact  that  the 
atmospheric  transmission  in  the  5.1  - 5.7  um  band  is  low  so  that  the 
mean  scene  apparent  temperature  is  strongly  influenced  by  the  atmosphere 
at  the  altitude  of  the  aircraft,  which  decreases  with  altitude.  Further, 
the  standard  deviation  in  the  data  at  1000  ft  is  3.9K  and  at  5000  ft  is 
2.3K.  A significant  fraction  of  the  variability  in  the  measured  appar- 
ent temperatures  is  due  to  detector  noise  which  is  so  prominent  because 
of  the  reduced  sensitivity  of  the  HgCdTe  detector  at  the  shorter  wave- 
lengths. The  noise  characteristics  in  the  data  have  been  analyzed  by 

\ 

examining  the  noise  in  the  calibration  plate  data  recorded  as  part  of 
each  scan  line.  Assuming  that  the  scene  clutter  and  detector  noise  are 
both  Gaussian,  the  residual  scene  clutter  at  1000  ft  is  1.7K,  at  5000  ft 
is  1.1K.  Qualitatively,  these  results  are  as  expected  and  should  form 
a basis  for  confirming  spectral  extrapolations  with  imagerv  in  a window 
band  (e.g.,  9.0  - 11.4)  to  bands  on  the  edges  of  absorption  regions. 

Figures  6a  - 6f  are  histograms  of  data  in  the  3.5  - 3.9,  3.9  - 4.7, 
and  9.0  - 11.4  um  spectral  bands  collected  over  a rather  flat  desert 
area  at  Nellis  AFB.  Figures  6a,  6b,  and  6c  refer  to  the  desert  area 
to  the  east  of  the  dry  lake  (left  in  Figure  3)  and  are  denoted  NEV  Cl. 
Figures  6d,  6e,  and  6f  refer  to  the  desert  area  to  the  west  of  the  dry 
lake  (right  in  Figure  3)  and  are  denoted  NEV  C2.  The  histograms  are 
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FIGURE  6a.  HISTOGRAM  OF  DATA  OVER  NEI.LIS  DESERT. 

Scanner:  35°  Depression  Time:  1058  Altitude:  1000  Ft 
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FIGURE  he.  HISTOGRAM  OF  DATA  OVER  NELLIS  DESERT 

Scanner:  35°  Depression  Time:  1058  Altitude:  1000  Ft 


FIGURE  6 e . HISTOCRAM  OF  DATA  OVER  NELMS  DESERT. 

Scanner:  35°  Depression  Time:  1058  Altitude:  1000  Ft. 
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FIGURE  6 f . HISTOGRAM  OF  DATA  OVER  NELLIS  DESERT. 

Scanner:  35°  Depression  Time:  1058  Altitude:  1000  Ft. 
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very  similar  with  the  only  noticeable  difference  a higher  apparent 
temperature  in  the  NEV  Cl  data  of  about  5K  in  the  3.5  - 3.9  pm  spectral 
band.  The  data  were  taken  in  the  mid-morning  at  1000  ft  altitude  with 
the  scanner  at  a 35°  depression  angle  and  should  be  compared  with  the 
histograms  in  Figures  4a,  4b,  and  4c  of  data  over  the  mountains  at 
Nellis  AFB.  The  most  pronounced  differences  are  that  the  desert  is  at 
an  apparent  temperature  that  is  about  10K  higher,  and  that  the  standard 
deviation  is  significantly  smaller.  Qualitatively,  this  is  as  expected, 
and  apparently  the  shadows  in  the  mountainous  imagery  are  playing  a 
very  dominant  role  in  lowering  the  average  scene  temperature  and  raising 
the  standard  deviation. 

Figures  7a,  7b,  and  7c  show  histograms  of  data  over  the  mountains 
at  Nellis  AFB  with  the  aircraft  at  an  altitude  of  1750  ft  with  the  scan- 
ner viewing  straight  down.  These  data  are  to  be  compared  to  the  data 
in  Figures  4a,  4b,  and  4c  obtained  with  the  scanner  at  a 35°  depression 
angle.  In  each  of  the  three  mid-IR  bands,  3.5  - 3.9,  3.9  - 4.7,  and 

9.0  - 11.4,  the  standard  deviations  are  comparable.  The  means  are  lower 
by  about  4K  in  the  straight  down  data  but  differences  in  the  means  are 
caused  both  by  the  differences  in  depression  angle  and  to  the  differences 
in  time  of  data  collection.  Although  the  35°  depression  angle  data 
collected  with  the  aircraft  heading  east  into  the  sun  (Figure  4)  might 
be  expected  to  have  more  shadows  and  a lower  mean,  they  were  actuallv 
collected  later  in  the  morning  which  would  tend  to  yield  a higher  mean. 

Figures  8a  and  8b  show  data  in  the  3.5  - 3.9  and  3.9  - 4.7  um 
bands  collected  over  the  mountains  in  the  afternoon  at  1511.  These 
data  were  also  collected  with  the  scanner  at  a 35°  depression  angle 
with  the  aircraft  heading  E and  more  or  less  away  from  the  sun.  These 
data  should  be  compared  with  the  data  in  Figures  4a  and  4b.  The  mean 
scene  apparent  temperatures  in  the  morning  data  are  seen  to  be  about 
4K  cooler  than  in  the  afternoon  data  which  is  as  expected. 
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FIGURE  7b.  HISTOGRAM  OF  DATA  OVER  NELLIS  MOUNTAINS. 

Scanner:  90°  Depression  Time:  0915  Altitude:  1750  Ft 


HISTOGRAM  OF  DATA  OVER  NELLIS  MOUNTAINS. 

Scanner:  35°  Depression  Time:  1511  Altitude:  1000  Ft. 
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FIGURE  8b.  HISTOGRAM  OF  DATA  OVER  NELLIS  MOUNTAINS. 

Scanner:  35°  Depression  Time:  1511  Altitude:  1000  Ft 
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All  four  data  sets  over  the  mountains,  NEV  B,  NEV  D,  NEV  E,  and 
NEV  F,  were  flown  along  the  same  ground  track.  The  histograms  and 
means  and  standard  deviations  presented  in  Figures  4 to  8 refer  to  the 
entire  image  as  defined  in  Table  1.  In  order  to  assess  the  homogenietv 
in  the  data,  each  of  the  data  sets  was  broken  into  four  subareas  and 
histograms,  means,  and  standard  deviations  for  each  were  determined. 

Table  2 is  a summary  of  the  means  and  standard  deviations  for  the 
various  subareas  as  well  as  for  the  total  area.  Histograms  for  subareas 
are  included  as  Appendix  2 to  this  report. 

The  comparison  of  statistics  of  several  subareas  with  those  of  the 
total  area  reveal  that  the  mountains  show  considerable  variability 
depending  on  the  degree  of  shadow  within  the  subarea.  The  desert  area 
is  much  more  homogeneous  than  the  mountainous  area  except  for  the  notable 
NEV  Cl  - NEV  C2  difference  in  the  3.5  - 3.9  urn  spectral  band. 

Most  of  the  histograms  of  data  collected  at  Nellis  AFB  exhibit 
the  feature  that  a Gaussian  distribution  overestimates  the  number  of 
scene  temperatures  several  standard  deviations  above  the  mean.  This 
is  not  generally  true  for  all  backgrounds  although  it  may  not  be  peculiar 
to  the  Nellis  type  backgrounds  either.  Figures  9a  and  9b  are  histograms 
of  data  in  the  3.9  - 4.7  um  band  over  an  area  near  Charleston,  West 
Virginia,  that  includes  both  an  urban  and  a rural  type  terrain  combined. 
There  is  clearly  an  excess  of  data  points  in  these  data,  although  some 
saturation  is  apparent  in  the  data  presented  in  Figure  9b.  These  data 
also  exhibit  the  marked  similarity  of  data  collected  with  the  scanner 
viewing  straight  down  (Figure  9a)  and  at  a 35°  depression  angle 
(Figure  9b)  as  was  exhibited  by  the  Nellis  data. 

Figures  10a  and  10b  show  histograms  of  two  segments  of  data  col- 
lected in  West  Virginia  in  the  3.9  - 4.7  pm  band.  The  data  in  Figure  10a 
is  over  the  urban  area,  the  data  in  Figure  10b  over  the  rural  area. 

These  data  were  collected  between  1130  and  1215  in  October  with  the 
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TABLE  2 

MEANS  AND  STANDARD  DEVIATIONS  FOR  SUBAREAS  AND  TOTAL  AREA 


NEVB 


3.9  - 

4. 

7 um 

3.5  - 

3. 

, 9 um 

5.1  - 

5. 

7 um 

Subarea  1 

288.46 

+ 

4.87 

296.44 

+■ 

7.68 

282.07 

+ 

3.85 

2 

289.38 

+■ 

4.72 

296.42 

4» 

7.14 

282.78 

4- 

3.80 

3 

288.42 

+ 

4.46 

296.62 

■f 

6.60 

282.26 

+ 

3.19 

4 

293.90 

3.36 

303.20 

-4- 

4.29 

284.40 

± 

3.58 

Total  Area 

290.05 

+ 

4.94 

298.19 

+ 

7.17 

282.88 

± 

3.90 

NEVC1 

3.9  - 

4. 

7 um 

3.5  - 

3. 

. 9 um 

9.0  - 

11. 

4 um 

Subarea  1 

297.48 

+ 

1.01 

310.35 

+ 

2.09 

298.87 

4- 

1.19 

2 

297.24 

+ 

1.41 

308.78 

+- 

2.61 

298.64 

+ 

1.47 

Total  Area 

297.41 

± 

1.24 

309.56 

± 

2.49 

298.75 

+ 

1.35 

NEVC2 

3.9  - 

4. 

7 um 

3.5  - 

3. 

. 9 um 

9.0  - 

11. 

4 um 

Subarea  1 

298.76 

+ 

1.16 

315.22 

+ 

2.83 

298. 37 

± 

1.36 

2 

298.94 

+ 

1.33 

315.05 

4- 

3.05 

298.78 

± 

1.51 

Total  Area 

298.85 

+ 

1.25 

315.14 

± 

2.95 

298.58 

± 

1.45 

NEVD 

3.9  - 

4. 

7 um 

3.5  - 

3, 

. 9 um 

9.0  - 

11. 

4 um 

Subarea  1 

286.49 

± 

3.34 

296.47 

± 

6.07 

288.22 

4- 

3.75 

2 

285.64 

± 

3.81 

296.21 

± 

6.97 

286.92 

± 

4.43 

3 

284.45 

4- 

4.14 

293.07 

4- 

8.62 

285.15 

± 

5.05 

4 

278.52 

+ 

3.11 

281.14 

+ 

9.53 

277.87 

+ 

3.76 

Total  Area 

283.70 

± 

4.80 

291.58 

+ 

10.15 

284.44 

+ 

5 88 

NEVE 

3.9  - 4 

► .7 

’ um 

3.5  - 

3 

.9  um 

5.1  - 

5. 

7 um 

Subarea  1 

290.21 

+ 

4.18 

306.78 

+ 

6.60 

278.04 

+■ 

2.27 

2 

291.90 

+ 

4.39 

307.88 

+ 

6.81 

278.47 

± 

2.37 

3 

290.65 

4. 

4.72 

307.24 

7.18 

277.99 

± 

2.32 

4 

293.49 

4; 

3.78 

309.78 

+ 

5.73 

278.12 

4- 

2.24 

Total  Area 

291.58 

+ 

4.47 

307.94 

+ 

6.70 

278.15 

+ 

2.31 

NEVF 

3.9  - 

47  um 

3.5  - 

3 

.9  um 

9.0  - 

11. 

4 um 

Subarea  1 

285.51 

+ 

4.22 

296.03 

+ 

7.52 

285.33 

± 

4.91 

2 

289.02 

4. 

5.63 

301.49 

± 

9.18 

289.13 

4; 

6.35 

3 

282.00 

+ 

4.78 

288.66 

± 

9.61 

282.47 

± 

5.70 

4 

289.47 

4.48 

300.90 

± 

7.47 

291.38 

± 

5.16 

Total  Area 

286.49 

+ 

5.68 

296.76 

± 

9.94 

287.08 

+ 

6.53 
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Area:  WESTVA  1 Lambda  = 3.9  - 4.7  pm  Total  Area 

Mein  - 287.14  St.  nev.  = 1.40 

FIBURE  9a.  HISTOCRAM  OF  DATA  OVER  WEST  VIRGINIA. 

Scanner:  90°  Depression  Time:  1135  Altitude:  6750 
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many  hardwood  trees  in  the  area  in  their  full  fall  color.  The  mean 
scene  temperatures  of  both  areas  are  seen  to  be  nearly  the  same,  but 
the  clutter  in  the  urban  scene  is  seen  to  be  considerably  larger. 

Figures  11a  and  lib  show  the  two  infrared  images  in  the  3.9  - 4.7 
spectral  band  corresponding  to  the  histogrammed  data  in  Figures  9a  and 
9b  at  a downward  and  35°  depression  angle.  The  urban  and  rural  areas 
each  comprising  about  half  the  scene  are  the  areas  from  which  the 
statistics  in  Figures  10a  and  10b  were  derived,  although  from  a flight 
at  a lower  altitude. 

3.2  SPECTRAL  CORRELATIONS 

t 

Data  in  the  mid-IR  include  contributions  from  self-emission  and 
solar  reflection.  For  most  natural  terrain  backgrounds,  the  4.5  - 5.5  urn 
band  is  mostly  thermal  emission,  the  3.5  - 3.9  um  band  with  a substantial 

portion  of  solar  reflection,  and  the  3.9  - 4.7  um  band  a mixture  of  both. 

Of  course,  the  9.0  - 11.4  um  band  is  purely  self-emission  except  for 
specular  metallic  reflections.  Tables  3 to  7 are  a summary  of  the  con- 
ventional statistics  derived  from  the  data  over  Nellis  AFB  that  has 
been  analyzed  to  date.  These  tables  include  the  spectral  correlation 
coefficients  as  well  as  the  means  and  standard  deviations  derived  from 
the  entire  scene  of  dimension  approximately  1750  x 6750  ft  except  for 
the  data  obtained  at  an  altitude  of  5000  ft.  Table  6,  with  a ground 

coverage  of  approximately  8700  x 6400  ft  and  Tables  4 A and  4B  for 

1750  x 3400  ft. 

The  spectral  correlation  coefficients  are  seen  to  be  0.8  to  0.9 
between  the  3.5  - 3.9,  3.9  - 4.7,  and  9.0  - 11.4  um  band  pairs  in  all 
of  the  Nellis  mountains  data.  These  high  spectral  correlation  coeffi- 
cients are  not  surprising,  in  view  of  the  similarity  of  the  imagery 
presented  in  Figure  2,  and  are  probably  so  highly  correlated  because 
of  the  prominence  of  the  shadow  features  in  the  imagery.  The  spectral 
correlations  might  not  be  expected  to  be  so  high  where  scene  contrasts 
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(b)  3.9  - 4.7  um,  35°  Depression 

FIGURE  11.  WEST  VIRGINIA  IMAGERY 


TABLE  3 
NEVB 


2?RIM 


CORRELATION  MATRIX,  MEANS  AND  STANDARD  DEVIATIONS, 
NELLIS  MOUNTAINS,  SCANNER  35°  DEPRESSION,  TIME  1511, 
ALTITUDE  1000  FT 


CORRELATION 

3.9  - 4.7 

3.9  - 4.7 

1.000 

3.5  - 3.9 

5.1  - 5.7 

3.5  - 3.9 

0.870 

1.000 

5.1  - 5.7 

0.431 

0.389 

1.000 

CHANNELS 

3.9  - 4.7 

3.5  - 3.9 

5.1  - 5.7 

MEAN 

2.9005E+02 

2.9819E+02 

2.8288E+02 

STANDARD  DEVIATION 

4 . 9400E+00 

7 . 1665E+00 

3.8979E+00 

TOTAL  POINTS 

355600 

355600 

355600 
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TABLE  4A 
NEVC1 


l 

S 


■ 


2?RJi 


CORRELATION  MATRIX,  MEANS  AND  STANDARD  DEVIATIONS, 
NELLIS  DESERT,  SCANNER  35°  DEPRESSION,  TIME  1058, 
ALTITUDE  1000  Ft. 


CORRELATION 

3.9  - 4.7 

3.5  - 3.9 

9.0  - 11.4 

3.9  - 4.7 

1.000 

3.5  - 3.9 

0.353 

1.000 

9.0  - 11.4 

0.687 

0.335 

1.000 

CHANNELS 

3.9  - 4.7 

3.5  - 3.9 

9.0  - 11.4 

MEAN 

2 . 9741E+02 

3.0956E+02 

2.9875E+02 

STANDARD  DEVIATION 

1 . 2421E+00 

2.4920E+00 

1 . 3479E+00 

TOTAL  POINTS 

176400 

176400 

176400 
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TABLE  4B 
NEVC2 


^Frim 


CORRELATION  MATRIX,  MEANS  AND  STANDARD  DEVIATIONS, 
NELLIS  DESERT,  SCANNER  35°  DEPRESSION,  TIME  1058 
ALTITUDE  1000  FT 


CORRELATION 

3.9  - 4.7 

3.9  - 4.7 

1.000 

3.5  - 3.9 

9.0  - 11.4 

3.5  - 3.9 

0.492 

1.000 

9.0  - 11.4 

0.655 

0.545 

1.000 

CHANNELS 

3.9  - 4.7 

3.5  - 3.9 

9.0  - 11.4 

MEAN 

2.9885E+02 

3.1514E+02 

2.9858E+02 

STANDARD  DEVIATION 

1. 2536E+00 

2. 9485E+00 

1.4528E+00 

TOTAL  POINTS 

179200 

179200 

179200 
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TABLE  5 
NEVD 

CORRELATION  MATRIX,  MEANS  AND  STANDARD  DEVIATIONS, 
NELLIS  MOUNTAINS,  SCANNER  90°  DEPRESSION,  TIME  0915 


ALTITUDE 

1750  FT 

CORRELATION 

3.9  - 4.7 

3.5  - 3.9 

9.0  - 11.4 

3.9  - 4.7 

1.000 

3.5  - 3.9 

0.813 

1.000 

9.0  - 11.4 

0.933 

0.848 

1.000 

CHANNELS 

3.9  - 4.7 

3.5  - 3.9 

9.0  - 11.4 

MEAN 

2.8370E+02 

2 . 9158E+02 

2 . 8444E+02 

STANDARD  DEVIATION 

4. 7956E+00 

1.0147E+01 

5.8827E+00 

TOTAL  POINTS 

612400 

* 

612400 

612400 
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TABLE  6 
NEVE 


CORRELATION  MATRIX,  MEANS  AND  STANDARD  DEVIATIONS, 


NELLIS 

MOUNTAINS,  SCANNER 

ALTITUDE 

35°  DEPRESSION,  TIME 

5000  FT 

0915, 

CORRELATION 

3.9  - 4.7 

3.9  - 4.7 

1.000 

3.5  - 3.9 

5.1  - 5.7 

3.5  - 3.9 

0.839 

1.000 

5.1  - 5.7 

0.407 

0.344 

1.000 

CHANNELS 

3.9  - 4.7 

3.5  - 3.9 

5.1  - 5.7 

MEAN 

2.9158E+02 

3.0794E+02 

2. 7815E+02 

STANDARD  DEVIATION 

4.4711E+00 

6. 7021E+00 

2. 3112E+00 

TOTAL  POINTS 

67600 

67600 

67600 
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TABLE  7 
NEVF 


CORRELATION  MATRIX,  MEANS  AND  STANDARD  DEVIATIONS, 
NELLIS  MOUNTAINS,  SCANNER  35°  DEPRESSION,  TIME  1034, 
ALTITUDE  1000  FT 


CORRELATION 

3.9  - 4.7 

3.9  - 4.7 

1.000 

3.5  - 3.9 

9.0  - 11.4 

3.5  - 3.9 

0.850 

1.000 

9.0  - 11.4 

0.919 

0.880 

1.000 

CHANNELS 

3.9  - 4.7 

3.5  - 3.9 

9.0  - 11.4 

MEAN 

2.8649E+02 

2.9676E+02 

2.8708E+02 

STANDARD  DEVIATION 

5.6758E+00 

9 . 9428E+00 

6.5334E+00 

TOTAL  POINTS 

355600 

355600 

355600 
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result  primarily  from  material  differences  (reflectances  and  emittances). 
The  spectral  correlation  of  the  5.1  - 5.7  urn  band  with  the  other  IR 
bands  is  low  due  to  the  presence  of  a significant  amount  of  noise  in 
the  5.1  - 5.7  urn  band  imagery.  The  spectral  correlations  between  the 
3.5  - 3.9  ym  band  with  the  3.9  - 4.7  and  9.0  - 11.4  um  bands  in  the 
desert  data  is  primarily  due  to  noise  in  the  3.5  - 3.9  um  band. 

3.3  SUNGLINT  DATA 

Mid-IR  band  imagery  have  also  been  collected  over  water  at  Pt.  Mugu, 
California,  to  assess  the  magnitude  of  solar  glint  in  these  spectral 
bands.  With  the  ERIM  line  scanner  looking  straight  down,  the  scanner 
scans  a 90°  field  beneath  the  aircraft  normal  to  the  direction  of  air- 
craft flight.  The  scanner  is  not  a framing  device,  so  in  order  to  scan 
through  the  sunglint  and  determine  the  magnitude  of  the  solar  reflection 
from  water,  the  aircraft  is  flown  along  a very  large  radius  turn  ortho- 
gonal to  the  rays  from  the  sun.  The  imagery  so  obtained  in  a number 
of  mid-IR  bands  and  in  the  9.0  - 11.4  um  spectral  band  are  shown  iyi 
Figure  12.  The  2.0  - 2.6,  3.0  - 4.2,  4.5  - 5.5,  and  9.0  - 11.4  um  data 
were  collected  simultaneously  on  one  pass;  the  3.5  - 3.9,  3.9  - 4.7, 
and  5.1  - 5.7  um  data  simultaneously  on  another  pass.  The  sunglint 
from  the  water  is  seen  to  be  very  pronounced  in  all  of  the  spectral 
bands  flown  from  2.0  - 2.6  to  4.5  - 5.5  um.  There  may  be  a return  in 
the  5.1  to  5.7  um  band  but  it  is  not  apparent  in  the  data.  The  only 
return  in  the  9.0  - 11.4  um  band  is  thermal  emission,  and  water  tempera- 
ture variations  in  the  imagery  are  evident.  In  order  to  quantify  the 
solar  return,  video  traces  in  the  data  are  shown  for  the  2.0  - 2.6, 

3.9  - 4.7,  and  4.5  - 5.5  um  band  in  Figures  13a,  13b,  and  13c.  The 
video  scan  represents  a 90°  scan  beneath  the  aircraft  plus  several 
calibration  plate  returns  at  the  right  end  of  the  scan.  As  the  aircraft 
progresses  through  its  slow  turn  normal  to  the  sun's  rays,  the  specular 
peak  grows  and  then  decreases  in  amplitude.  At  its  peak,  the  magnitude 
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(d)  3.9  - 4.7  um 

FIGURE  12.  S UNGLINT  IMAGERY,  PT  MUGU  (Continued) 


S3 


(g)  9.0  - 11.4  urn 

FIGURE  12.  SUNGLINT  IMAGERY,  IT  MUGU  (Concluded) 


. 


2 

is  seen  to  be  600  - 700  yW/cm  -sr-,  m in  the  2.0  - 2.6  ym  band  and  310 
to  320K  apparent  temperature  in  the  3.9  - 4.7  ym  band.  The  extent  of 
the  sunglint  is  seen  to  be  about  20  degrees  with  the  peak  off  nadir  by 
about  40  degrees  (consistent  with  a sun  zenith  of  about  40  degrees). 

The  extent  of  the  glint  is,  of  course,  very  dependent  on  the  sea  state 
which  was  quite  calm  at  the  time  of  data  collection.  The  sunglint  data 
in  the  4.5  - 5.5  ym  band  are  seen  to  be  saturated  at  the  peak  in 
Figure  13c.  However,  an  estimate  of  the  peak  apparent  temperature  in 
the  4.5  - 5.5  ym  band  has  been  made  by  measuring  the  solar  glint  peak 
amplitude  in  both  the  2.0  - 2.6  urn  channel  and  the  4.5  - 5.5  ym  channel 
as  the  aircraft  approaches  the  solar  glint  peak  before  the  4.5  - 5.5  urn 
channel  saturates.  A proportionality  is  thus  determined,  and  this  then 
used  to  estimate  the  4.5  - 5.5  Urn  peak  shown  in  Figure  13c  by  the  dashed 
curve  extension  of  the  line  scan  video  signal.  The  peak  apparent  tem- 
perature of  the  sunglint  radiance  in  the  4.5  - 5.5  urn  band  is  seen  to 
be  approximately  293K.  This  is  well  below  that  in  the  3.9  - 4.7  urn  band. 
Figure  13b,  as  expected.  Note  that  the  apparent  temperature  in  the 
2.0  - 2.6  Um  band  corresponding  to  600  uW/cm'’ • sr • um  is  494K. 

3.4  ELLIPSES 

One  of  the  statistics  that  is  being  measured  on  various  scenes  as 
part  of  this  backgrounds  analysis  program  is  "ellipse"  statistics. 

These  statistics  are  two-dimensional  analogs  of  threshold  crossing  and 
pulse  length  statistics  in  one  dimension.  These  statistics  are  generated 
by  identifying  those  contiguous  areas  in  the  image  with  data  values  that 
exceed  some  threshold  value.  The  area  corresponding  to  each  cluster  of 
contiguous  pixels  is  then  determined  and  tabulated.  The  centroid  and 
first  and  second  moments  for  each  area  are  also  determined  to  define  an 
equivalent  elliptical  area,  and  tabulations  are  made  of  the  distribution 
of  contiguous  areas  in  the  image  that  exceed  the  threshold  by  area,  or 
perimeter,  or  shape  factor,  or  by  ratio  of  major- to-minor  axis.  These 
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"ellipse"  statistics  are  determined  for  each  of  several  threshold 
settings.  Single  pixel  and  contiguous  two-pixel  exceedances  are  not 
included  in  the  ellipse  tabulations  but  the  number  of  such  exceedances 
is  noted  separately. 

Figures  14a  and  14b  show  the  ellipse  equivalent  areas  which  exceed 
thresholds  of  0.8  standard  deviation  and  1.6  standard  deviations  above 
the  mean  for  data  collected  over  the  desert  range  mountains  at  Nellis 
AFB  in  the  3.9  - 4.7  ym  spectral  band.  The  imagery  from  which  these 
ellipses  were  derived  is  the  same  as  that  from  which  the  histogram 
was  developed  in  Figure  4b.  As  would  be  expected  from  the  data  in 
Figure  4b,  there  are  no  three  standard  deviation  exceedances  probably 
due  to  saturation. 

Figures  15a  and  15b  show  the  ellipse  for  the  same  area  as  Figures 
14a  and  14b  except  in  the  9.0  - 11.4  ym  band.  The  histogram  corres- 
ponding to  these  data  is  shown  in  Figure  4c,  and  although  there  are 
some  scene  elements  with  temperatures  above  the  mean  plus  three 
standard  deviation  threshold,  they  are  not  clustered  into  groups  of 
as  many  as  three  and  so  are  not  tabulated. 

It  is  seen  in  Figures  14  and  15  that  the  contiguous  areas  that 
exceed  the  one  (or  two)  standard  deviation  threshold  in  the  3.9  - 4.7  urn 
band  are  not  exactly  the  same  as  those  in  the  9.0  - 11.4  ym  band.  The 
general  features  are  the  same,  however,  showing  approximate  size,  shape, 
and  location  of  the  "bright"  areas  in  the  imagery  as  one  would  expect. 

The  differences  would  appear  to  be  due  In  part  to  the  non-linear  apparent 
temperature  relationship  between  the  two  images  induced  in  part  by  the 
solar  component  in  the  3.9  - 4.7  ym  image. 

Tables  8 and  9 show  how  the  contiguous  areas  that  exceed  several 
thresholds  are  distributed  by  area  (square  meters),  by  perimeter  (meters) 
and  by  shape  factor.  The  shape  factor  is  defined  to  be  the  ratio  of 
the  perimeter/2w  and  the  square  root  of  the  area/tr. 
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Temperature  Threshold 
- ft  + 0.8a  =■  291. 05K 

Lambda  = 3.9  to  4.7  um 


FIGURE  14a.  EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  MOUNTAINS. 

Scanner:  35°  Depression  Time:  1034  Altitude:  1000  Ft. 
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FIGURE  14b.  EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  MOUNTAINS. 

Scanner:  35°  Depression  Time:  1034  Altitude:  1000  Ft 


Temperature  Threshold 
= M + 0.9a  = 292.86K 

Lambda  = 9.0  - 11.4  um 


FIGURE  15a.  EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  MOUNTAINS. 

Scanner:  35°  Depression  Time:  1034  Altitude:  1000  Ft 


TABLE  8a 
NEVF 

AREA  DISTRIBUTIONS  FOR  NELLIS  MOUNTAINS 
Scanner:  35°  Depression  Time:  1034 

Altitude:  1000  Ft. 

Threshold  u + 0.8a  = 291. 05K 

3.9  - 4.7  pm  Band 


DISTRIBUTION  or  RECoGnIZFD  hot  spot 


SQUARE  METERS 


BY  AREA 

FREQUENCY 


7.7 

TO 

50.0 

2«1 

50.0 

TO 

100.0 

at 

100.0 

TO 

150.0 

18 

150.0 

TO 

200.0 

10 

200.0 

TO 

250.0 

7 

250.0 

TO 

300.0 

6 

SOO.O 

TO 

aoo.o 

a 

<100.0 

TO 

500.0 

5 

500.0 

Tf 

600. 0 

6 

ooo.o 

TO 

TOO.O 

3 

700.0 

TO 

600.0 

0 

eoo.o 

TO 

ROO.O 

0 

900.0 

TO 

1000.0 

1 

1000.0 

TO 

1500.0 

1 

1500.0 

TO 

2000.0 

1 

2000,0 

TO 

3000.0 

3 

3000.0 

TO 

5000. 0 

7 

5000,0 

TO 

10000.0 

0 

OVER 

10000.0 

6 

TOTAL  Number  OF  hot  SPOT  « 365 

aja  FEATURES  WITH  AREAS  LESS  Than  7,70  SO,  mFTFRS  WERE  ALSO  RECOGNIZED 


METERS 

BY  PERIMETER 

FEET 

FREQUENCY 

BY  SHAPE 

shape  factor  freoue 

0 TO 

7 

0 TO 

22 

0 

0.0 

TO 

t.o 

1 

7 TO 

10 

22  TO 

32 

0 

1.0 

TO 

1.1 

0 

10  TO 

12 

32  TO 

39 

0 

1.1 

TO 

1.2 

15 

12  TO 

la 

3«  TO 

a5 

5 

1.2 

TO 

1.3 

5 

14  TO 

16 

45  TO 

52 

44 

1.3 

TO 

1,8 

54 

16  TO 

17 

52  TO 

55 

17 

l.a 

TO 

1.5 

17 

17  TO 

20 

55  TO 

65 

50 

1.5 

TO 

1.6 

52 

20  TO 

22 

65  TO 

72 

19 

1.6 

TO 

1.7 

13 

22  TO 

24 

72  TO 

76 

14 

1.7 

TO 

1.6 

44 

2a  TO 

26 

78  TO 

65 

9 

1.8 

TO 

1.5 

20 

26  TO 

26 

85  TO 

•1 

12 

1.9 

TO 

2.0 

17 

26  TO 

30 

91  TO 

96 

13 

2.0 

TO 

2. « 

46 

30  TO 

32 

96  TO 

l«a 

12 

2.4 

TO 

2.6 

19 

32  TO 

39 

1 0«  TO 

|R7 

27 

2.6 

TO 

2.6 

14 

39  TO 

45 

127  TO 

147 

11 

2.6 

TO 

3.0 

6 

«5  TO 

55 

147  TO 

180 

14 

3.0 

TO 

3.5 

20 

55  TO 

71 

160  TO 

232 

27 

3.5 

TO 

4.0 

6 

71  TO 

100 

232  TO 

326 

25 

4.0 

TO 

a.S 

3 

OVER 

100 

OVER 

328 

66 

64 

OVER 

a.5 

11 

TABLE  8b 


NEVF 

AREA  DISTRIBUTIONS  FOR  NELLIS  MOUNTAINS 
Scanner:  35°  Depression  Time:  1034 
Altitude:  1000  Ft. 

Threshold  u + 1.6o  = 295.88 

3.9  - 4.7  urn  Band 


DISTRIBUTION  OF  RECOONIZFD  HOT  SPOT 

BY  ARFA 


SQUARE  METERS  FREQUENCY 


7.7 

TO 

50.0 

18# 

50.0 

TO 

100.0 

55 

100,0 

TO 

150.0 

1# 

150.0 

TO 

200.0 

15 

200,0 

TO 

250.0 

4 

250.0 

TO 

500.0 

a 

500,0 

TO 

400.0 

a 

400.0 

TO 

500. 0 

5 

500.0 

TO 

600.0 

1 

600.0 

TO 

700.0 

a 

700.0 

TO 

800.0 

1 

eoo.o 

TO 

ROO.O 

1 

900.0 

TO 

1000.0 

2 

1000,0 

TO 

1500. 0 

5 

1500.0 

TO 

2000.0 

1 

2000.0 

TO 

5000.0 

2 

5000.0 

TO 

5000.0 

1 

5000,0 

TO 

10000.0 

2 

OVER 

1O000.0 

0 

TOTAL  NUMBER  OF  mqt  SPOT  ■ 279 


28#  FEATURES  WITH  AREAS  LESS  THAN  7,70  SO,  hFTERS  WERE  ALSO  RECOGNIZED 


BY  PERIMETER  BY  SHAPE 

METERS  FEET  FREQUENCY  SHAPE  FACTOR  FREQUENCY 


0 

TO 

7 

0 

TO 

22 

0 

0.0 

TO 

1.0 

0 

T 

TO 

10 

22 

TO 

52 

0 

1.0 

TO 

1.1 

0 

to 

TO 

12 

52 

TO 

59 

0 

1.1 

TO 

1.2 

11 

12 

TO 

1# 

59 

TO 

#5 

3 

1.2 

TO 

1.3 

9 

to 

TO 

16 

#5 

TO 

52 

36 

1.3 

TO 

l.« 

47 

16 

TO 

17 

52 

TO 

55 

9 

1 .« 

TO 

1.5 

8 

17 

TO 

20 

55 

TO 

65 

29 

1.5 

TO 

1.6 

33 

20 

TO 

22 

65 

TO 

72 

10 

1.6 

TO 

1.7 

1 1 

22 

TO 

20 

72 

TO 

78 

8 

1.7 

TO 

1.8 

29 

20 

TO 

26 

78 

TO 

85 

a 

1.8 

TO 

1.9 

10 

26 

TO 

28 

85 

TO 

91 

18 

1.9 

TO 

2.0 

17 

26 

TO 

50 

91 

TO 

98 

6 

2.0 

TO 

2.« 

49 

so 

TO 

52 

98 

TO 

in# 

10 

2.R 

TO 

2.6 

5 

S2 

TO 

59 

10# 

TO 

127 

23 

2.6 

TO 

2.8 

7 

SO 

TO 

#5 

127 

TO 

t«7 

1# 

2.8 

TO 

3.0 

1 

05 

TO 

55 

1 #7 

TO 

ISO 

25 

3.8 

TO 

3.5 

12 

55 

TO 

7 1 

180 

TO 

232 

17 

3.5 

TO 

«.o 

9 

Tt 

TO 

100 

232 

TO 

328 

17 

«.o 

TO 

#.5 

6 

OVER 

100 

OVER 

326 

50 

OVER 

4.5 

1 1 

65 
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TABLE  9a 
NEVF 


AREA  DISTRIBUTIONS  FOR  NELLIS  MOUNTAINS 
Scanner:  35"1  Depression  Time:  1034 
Altitude:  1000  Ft. 

Threshold  u +0.9a  = 292. 86K 

9.0  - 11.4  Band 

DISTRIBUTION  OF  RECOGNIZED  not  SPOT 


BY  AREA 


SQUARE  METERS 

frequency 

7.7 

TO 

50.0 

305 

50.0 

TO 

100.0 

36 

100.0 

TO 

150.0 

17 

150.0 

TO 

200.0 

12 

200.0 

TO 

250.0 

6 

250.0 

TO 

300. 0 

8 

300.0 

TO 

«oo.o 

3 

400.0 

TO 

500.0 

6 

500.0 

TO 

600.0 

a 

600.0 

TO 

700.0 

6 

700.0 

TO 

8 0 0,0 

3 

890. 0 

TO 

ono.o 

0 

000.0 

TO 

1000.0 

t 

1000. 0 

TO 

1500.0 

3 

1500. 0 

TO 

2000.0 

2 

* 

2000. 0 

TO 

3000.0 

2 

3000.0 

TO 

5000.0 

8 

5000.0 

TO 

10000.0 

2 

OVER 

10000.0 

a 

TOTAL  NUMBER  OF 

MOT  SPOT 

* a2a 

•JR  FEATURES 

mTTM  areas  less  than  7.70  SO, 

METERS  MERE 

ALSO  RECOGNIZED 

BY  RERI“ETER 

BY  SHARE 

meters 

FEET 

FREQUENCY 

Shape 

FACTOR 

FREQUENCY 

0 TO 

7 

0 TO  22 

0 

9.0 

TO 

1.0 

1 

7 TO 

10 

22  To  32 

0 

1.0 

TO 

I. I 

1 

10  TO 

12 

32  to  39 

0 

1.1 

TO 

1.2 

17 

12  TO 

ta 

39  TO  a5 

2 

1.2 

TO 

1.3 

9 

la  TO 

16 

65  TO  52 

53 

1.3 

TO 

1.6 

60 

16  TO 

17 

52  Tn  55 

31 

1 . 4 

TO 

1.5 

19 

17  TO 

20 

55  TO  65 

58 

1.3 

TO 

1.9 

63 

20  TO 

22 

65  TO  72 

23 

1.6 

TO 

1.7 

25 

22  TO 

26 

72  TO  78 

23 

1 .7 

TO 

1.9 

66 

2a  TO 

26 

78  TO  85 

12 

1.9 

TO 

t.’ 

25 

26  TO 

28 

85  TO  91 

17 

1 .9 

TO 

2.0 

26 

2S  TO 

30 

91  TO  98 

11 

2.0 

TO 

2.« 

36 

30  TO 

32 

98  TO  1«« 

15 

2.6 

TO 

2.6 

13 

32  TO 

3R 

106  TO  127 

28 

2.6 

TO 

2.9 

19 

If  TO 

65 

127  TO  167 

12 

2.9 

TO 

3.0 

6 

65  TO 

55 

167  TO  180 

29 

3.0 

TO 

3.5 

16 

55  TO 

71 

180  TO  232 

19 

3.3 

TO 

6.0 

11 

7J  TO 

too 

232  TO  328 

23 

6.0 

TO 

6.5 

3 

OVER 

too 

OVER  328 

66 

OVER 

6.5 

15 

66 


'I 


2pi 


TABLE  9b 
NEVF 

AREA  DISTIRBUTIONS  FOR  NELLIS  MOUNTAINS 
Scanner:  35°  Depression  Time:  1034 
Altitude:  1000  Ft. 

Threshold  y +1.8o  = 298. 72K 

9.0  - 11.4  ym  Band 


DISTRIBUTION  OF  PECOGNI ZFD  HOT  SPOT 


BY  ARF  A 


SQUARE  METERS 


FREQUENCY 


7.7 

TO 

50.0 

179 

50.0 

TO 

100.0 

31 

100.0 

TO 

150.0 

15 

150.0 

TO 

200.0 

7 

200.0 

TO 

250.0 

2 

250.0 

TO 

300.0 

2 

500.0 

TO 

400.0 

5 

400.0 

TO 

500.0 

2 

500.0 

TO 

600.0 

5 

600.0 

TO 

700.0 

a 

700,0 

TO 

800.0 

1 

BOO . 0 

TO 

RO0.0 

1 

000.0 

TO 

1000.0 

0 

1000.0 

TO 

1500.0 

l 

1500.0 

TO 

2000.0 

i 

2000.0 

70 

3000.0 

3 

5000. 0 

TO 

*000.0 

1 

5000.0 

TO 

10000.0 

0 

OVER 

toooo.o 

0 

TOTAL  NUMBER 

OF  hot  SPOT 

* 259 

234  FEATURES  WITH  areas  LESS  Than  7.70  SO.  mFTERS  WERE  AL30  RECOGNIZED 


BY  PERIMETER  BY  SHAPE 

METERS  FEET  FREQUENCY  SHAPE  FACTOR  FREQUENCY 


0 

TO 

7 

ft 

TO 

22 

0 

0.0 

TO 

1.0 

0 

7 

TO 

10 

22 

TO 

32 

0 

1.0 

TO 

1.1 

0 

10 

TO 

1 2 

32 

TO 

39 

0 

1.1 

TO 

1.2 

7 

12 

TO 

14 

39 

TO 

85 
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i.e. 


perimeter/ 2tt 


shape  factor  = 7=== 

/area/TT 


For  a circular  area,  the  shape  factor  so  defined  is  equal  to  unity. 

It  is  seen  in  Tables  8 and  9 that  most  of  the  exceedances  at  the 
one  standard  deviation  threshold  are  due  to  pixels  clustered  together 
forming  areas  of  50  to  100  m^  with  only  a few  clustering  together  in 
areas  larger  than  200  m^. 

The  ellipse  data  together  with  the  histogram  data  could  be  impor- 
tant in  determining  the  threshold  required  for  a sensor.  At  a range 
where  a 50  - 100  m^  area  on  the  ground  appears  as  a point  target, 
there  are  numerous  equivalent  point  targets  in  the  background  1 to  2 
standard  deviations,  i.e.,  in  this  data  5 to  10K,  above  the  mean  back- 
ground temperature.  If  such  sources  generate  enough  radiant  intensity 
at  the  collecting  aperture  to  pass  the  sensor  threshold,  then  they 
will  trigger  the  sensor.  It  must  be  remembered  that  although  5 to  10K 
is  not  a very  large  AT,  the  radiant  intensity  must  be  scaled  by  the 
area  in  deriving  the  equivalent  point  target. 

The  ellipse  data  in  Tables  8 and  9,  and  even  more  notably  in 
Figures  14  and  15,  also  show  the  presence  of  a number  of  larger  areas 
of  brightness  that  are  obvious  in  the  imagery  of  Figure  2.  The  oresence 
of  these  large  areas  at  1 to  2 standard  deviations  above  the  mean  is 
attributable  to  the  mountainous  terrain  relief  and  the  large  sunlit 
and  shadowed  regions  in  the  scene.  These  could  also  be  significant  for 
sensors  having  some  sensitivity  to  edges. 

In  order  to  show  how  the  ellipse  statistics  vary  from  one  type  of 
terrain  background  to  another,  ellipses  have  also  been  generated  from 
imagery  over  a combined  NEV  Cl  and  NEV  C2  flat  desert- type  terrain  at 
Nellis  AFB.  Figures  16  and  17  show  the  equivalent  elliptical  areas 
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FIGURE  16b.  EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  DESERT. 

Scanner:  35°  Depression  Time:  1058  Altitude:  1000  Ft 


FIGURE  16c.  EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  DESERT. 

Scanner:  35°  Depression  Time:  1058  Alti‘  <de:  1000  Ft. 
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Term 


1 646 


NEVC 

Temperature  Threshold 
= u +1.2o  * 300. 33K 

Lambda  = 9 . 0 to  11 . 4 pm 


FIGURE  17a.  EQUIVALENT  ELLIPTICAL  AREAS  FOR  NELLIS  DESERT. 

Scanner:  35®  Depression  Time:  1058  Altitude:  1000  Ft. 
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at  several  threshold  settings  for  the  3.9  - 4.7  and  9.0  - 11.4  pm  data. 
The  corresponding  ellipse  tabulations  are  given  in  Tables  10  and  11- 
As  in  the  data  over  the  moun tains,  there  are  many  areas  less  than 
200  that  exceed  the  one  standard  deviation  threshold.  However,  it 
should  also  be  noted  that  the  standard  deviation  is  smaller  over  the 
desert-tvpe  terrain  than  over  the  mountainous -type  terrain.  It  should 
also  be  noted  in  comparing  Figures  14  and  15  that  there  are  signifi- 
cantly fewer  large  areas  that  exceed  the  one  standard  deviation  thres- 
hold. 

The  imagery  from  which  Figures  16  and  17  were  generated  actually 
consisted  of  two  segments  of  a single  image  over  desert-type  terrain 
at  Nellis  AFB  obtained  on  one  flight  that  has  been  linked  together  for 
economy  in  computing.  The  first  450  lines  of  the  imagery,  NEV  Cl,  are 
over  a portion  of  the  desert  that  appears  from  the  actual  imagery  to 
be  quieter  with  fewer  plants  and  shadows  than  the  segment  made  up  of 
the  last  450  lines  of  imagery,  NEV  C2.  It  is  clear  that  as  the  thres- 
hold is  raised  in  either  the  3.9  - 4.7  ym  or  9.0  - 11.4  ym  bands,  more 
ellipses  remain  in  the  NEV  C2  segment. 

As  a final  example  of  the  processing  performed  on  the  data  to 
date,  equivalent  elliptical  areas  and  ellipse  tabulations  for  the  urban 
and  rural  areas  in  West  Virginia  are  shown  for  the  3.9  - 4.7  ym  band 
in  Figures  18  and  19  and  in  Tables  12  and  13.  Apparent  again  in  the 
mountainous  data  is  the  more  frequent  occurrence  of  areas  larger  than 
200  m^  than  in  the  relatively  flat  urban  area.  The  equivalent  ellipse 
data  over  the  West  Virginia  terrain  is  unlike  the  Nellis  AFB  data, 
however,  in  that  there  tends  to  be  many  more  data  points  several 
standard  deviations  above  the  mean.  This  is  apparent  both  in  the 
histogram  data.  Figures  9 and  10,  and  in  the  ellipse  data.  Figures  18 
and  19. 
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AREA  DISTRIBUTIONS  FOR  NELLIS  DESERT 
Scanner:  35°  Depression  Time:  1058 
Altitude:  1000  Ft. 
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3.9  - 4.7  pm  Band 
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TABLE  10b 


NEVC 

AREA  DISTRIBUTIONS  FOR  NELLIS  DESERT 
Scanner:  35°  Depression  Time:  1058 
Altitude:  1000  Ft. 
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3.9  - 4.7  um  Band 
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TABLE  10c 
NEVC 

AREA  DISTRIBUTIONS  FOR  NELLIS  DESERT 
Scanner:  35°  Depression  Time:  1058 
Altitude:  1000  Ft. 

Threshold  u + 1.4o  ™ 300. 45K 
3.9  - 4.7  jb  Band 
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TABLE  lOd 


NEVC 

AREA  DISTRIBUTIONS  FOR  NELLIS  DESERT 
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TABLE  11a 
NEVC 

AREA  DISTRIBUTION  FOR  NELLIS  DESERT 
Scanner:  35°  Depression  Time:  1058 
Altitude:  1000  Ft. 
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FIGURE  19b.  EQUIVALENT  ELLIPTICAL  AR 
Scanner:  90°  Depression 


WVA10 

Temperature  Threshold 
= u + 2a  = 293. 10K 


Lambda  = 3.9  to  4.7  urn 


FOR  RURAL  WEST  VIRGINIA. 

Time:  1152  Altitude:  1750  Ft 
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AREA  DISTRIBUTIONS  FOR  WEST  VIRGINIA  RURAL  AREA 
Scanner:  90°  Depression  Time:  1152 
Altitude:  1750  Ft. 

Threshold  u + la  * 291. 71K 
3.9  - 4.7  um  Band 


DISTRIBUTION  OF  RECOGNIZED  MOT  SPOT 

BY  ARE* 


SQUARE 

meters 

frequency 

6.0 

TC 

50.0 

2502 

50.0 

TO 

100.0 

108 

100.0 

TO 

150.0 

96 

150.0 

TU 

200.0 

50 

200.0 

TO 

250.0 

26 

250.0 

TO 

100.0 

29 

100.0 

TO 

400.0 

25 

400.0 

TO 

500.0 

16 

500.0 

TO 

600.0 

11 

600.0 

TO 

7O0.0 

• 

700.0 

TO 

80Q. 0 

5 

800.0 

TO 

RO0.0 

6 

ROO-.O 

TO 

1 oon.o 

• 

1000.0 

TO 

1500.0 

11 

1500.0 

TO 

2000. 0 

11 

2000. 0 

TO 

1000.0 

10 

1000.0 

TO 

5060.0 

4 

5000.0 

TO 

10060.0 

4 

OVER 

10000.0 

6 

TOTAL  NUMBER 

OE  MOT  SPOT 

* 1117 

11*7  FEATURES  "ITm  AREAS  LESS  Than  6.60  SO.  mFTERS  *E»E  ALSO  RECOGNIZED 


BY  PERIMETER  BY  SHAPE 


METERS 

FEET 

frequency 

SHAPE 

f AC 

TOR 

FRf OUtNCY 

0 

TO 

7 

0 

TO 

22 

0 

0.0 

TO 

.0 

2 

7 

TO 

10 

22 

TO 

12 

t 

1.0 

TO 

.1 

0 

10 

TO 

12 

12 

TO 

19 

0 

1.1 

TO 

.2 

172 

12 

TO 

t« 

J9 

TO 

*5 

57* 

1.2 

TO 

.1 

21* 

18 

TO 

I* 

«5 

TO 

52 

451 

1.1 

TO 

.« 

701 

1* 

TO 

17 

52 

TO 

55 

0 

1.« 

TO 

.5 

3«7 

17 

TO 

20 

55 

TO 

65 

160 

1.5 

TO 

.* 

272 

20 

TO 

22 

*5 

TO 

72 

252 

t.6 

TO 

.7 

112 

22 

TO 

2« 

72 

TO 

78 

0 

1.7 

TO 

.8 

20* 

29 

TO 

26 

78 

TO 

85 

208 

1." 

TO 

.9 

140 

2* 

TO 

28 

85 

TO 

91 

171 

1.9 

TO 

2 

.0 

118 

28 

TO 

10 

91 

TO 

98 

1 

2.0 

TO 

2 

.« 

277 

10 

TO 

12 

98 

TO 

104 

111 

2.4 

TO 

2 

.* 

6* 

12 

TO 

19 

104 

TO 

127 

191 

2.6 

TO 

2 

.8 

42 

19 

TO 

*5 

127 

T 

147 

151 

2.» 

TO 

1 

.0 

29 

• 5 

TO 

55 

1*7 

TO 

180 

| 4 4 

1.0 

TO 

1 

.5 

59 

55 

TO 

7 1 

180 

TO 

212 

11* 

1.5 

TO 

4 

.0 

14 

71 

TO 

100 

212 

TO 

128 

118 

4.0 

TO 

« 

.5 

28 

OVER 

100 

OVER 

128 

258 

OVER 

« 

.5 

5* 

87 


2jp 

TABLE  13b 
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AREA  DISTRIBUTIONS  FOR  WEST  VIRGINIA  RURAL  AREA 
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3.5  POWER  SPECTRA 

One  dimensional  power  spectra  have  been  measured  for  each  of  the 
data  sets  obtained  at  Nellis  AFB  that  have  been  analyzed  in  this  report. 
The  power  spectra  have  not  been  analyzed  further  and  so  are  included 
in  Appendix  3. 
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CONCLUSIONS 

Terrain  and  water  backgrounds  measurement  data  in  the  mid-IR  have 
been  collected  and  analyzed  in  support  of  the  Navy  Optical  Signatures 
Program.  This  is  a continuing  program  to  provide  representative  back- 
grounds data  for  various  system  performance  studies.  Calibrated 
digital  data  tapes  of  the  backgrounds  data  are  maintained  as  part 
of  the  program.  Statistical  analyses  are  performed  on  the  data  in 
order  to  characterize  different  background  types  and  to  develop 
statistical  parameters  useful  to  the  systems  designer. 

Selected  data  over  desert  and  mountainous  terrain  at  Nellis  AFB, 
along  with  data  over  a rural  and  urban  terrain  in  West  Virginia  were 
analyzed  for  several  specific  purposes  in  this  report,  namely 
depression  angle,  time  of  day,  altitude  (5.1  - 5.7  pm  band)  and 
terrain  type  (desert  vs  mountains  and  rural  vs  urban).  The  results 
of  a number  of  specific  comparisons  were  summarized  in  Section  1 
and  discussed  in  detail  in  Section  3.  In  addition,  sunglint  data  over 
the  water  at  Pt.  Mugu  were  analyzed  in  a number  of  IR  spectral  bands. 
As  a result  of  the  analyses  presented  in  this  report  several  general 
conclusions  can  be  drawn. 

First,  the  terrain  clutter  is  significantly  smaller  in  the 
5.1  - 5.7  pm  band  than  in  the  window  IR  bands  at  altitudes  of  1000  ft, 
and  is  smaller  at  higher  altitudes.  This  is  evident  in  the  Nellis 
data  and  is  most  likely  true  elsewhere. 

Second,  shadows  are  an  important  parameter  for  the  mountains  at 
Nellis.  These  shadows  tend  to  increase  terrain  clutter  and  lower  mean 
temperatures  over  what  would  be  observed  on  an  otherwise  flat  terrain 
such  as  the  desert.  Spectral  correlations  measured  over  large  areas 
of  sunlit  and  shadowed  terrain  tend  to  be  high  between  the  various 
band  pairs  3.5  - 3.9,  3.9  - 4.7,  and  9.0  - 11.4  pm. 
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Third,  the  magnitudes  of  the  sunglint  from  water  for  relatively 
calm  seas  as  were  present  at  Pt.  Mugu  in  several  mid-IR  spectral 
bands  were  measured.  The  sunglint  was  very  apparent  in  the  4.5  - 5.5 
spectral  band  but  not  observed  in  the  9.0  - 11.4  urn  band. 

Although  the  effects  of  depression  angle  were  investigated  in 
this  study  to  some  degree,  it  was  not  possible  to  clearly  identify 
effects  purely  due  to  changes  in  depression  angle  because  of  the 
accompanying  difference  in  time  between  data  collections. 

Additional  data  collected  at  Nellis  are  available  for  further 
investigation  of  the  effects  of  shadows  on  the  terrain  data  as  a 
function  of  flight  direction.  In  addition  data  are  available  in  the 
2.0  - 2.6  and  4.5  - 5.5  urn  spectral  band.  These  data  will  be 
analyzed  and  reported  in  the  future. 
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APPENDIX  1 


Tables  1.1,  1.2,  1.3,  and  1.4  are  contained  in  this  appendix 
which  relate  apparent  temperature  to  radiance  in  the  3.5  - 3.9, 
3.9  - 4.7,  5.1  - 5.7,  and  9.0  - 11.4  um  spectral  bands. 
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TABLE  1.1 


RADIANCE  FROM  3.5  - 3.9  MICRONS  IN  MICROWATTS/ (cm" 


Radiance 

0. 21479E+01 
0 . 2407  4E+01 
0. 26937E+01 
0.30089E+01 
0. 33555E+01 
0. 37360E+01 
0 . 41531E+01 
0. 46096E+01 
0. 51087E+01 
0. 56534E+01 
0 . 62472E+01 
0.68935E+01 
0.75963E+01 
0.83594E+01 
0 . 91869E+01 
0. 10083E+02 
0. 11053E+02 
0 . 12101E+02 
0. 13232E+02 
0. 14452E+02 
0 . 15765E+02 
0.17178E+02 
0.18697E+02 
0 . 20327E+02 
0. 22076E+02 
0. 23950E+02 
0. 25955E+02 
0 . 28100E+02 
0. 30392E+02 
0 . 32838E+02 
0.35448E+02 
0. 38228E+02 
0.41187E+02 
0.44336E+02 
0. 47682E+02 
0. 51236E+02 
0 . 55007E+02 


Apparent  Temperature  K 
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TABLE  1.2 


RADIANCE  FROM  3.9  - 4.7  MICRONS  IN  MICROWATTS/ (cra“  • sr) 


Radiance 

Apparent  Ti 

0. 35222E+02 

275 

0. 36783E+02 

276 

0. 38400E+02 

277 

0. 40077E+02 

278 

0.41813E+02 

279 

0. 43613E+02 

280 

0.45476E+02 

281 

0 . 47405E+02 

282 

0. 49401E+02 

283 

0.51467E+02 

284 

0. 53604E+02 

285 

0. 55815E+02 

286 

0. 58100E+02 

287 

0.60462E+02 

288 

0. 62903E+02 

289 

0. 65425E+02 

290 

0. 68030E+02 

291 

0. 70721E+02 

292 

0. 73498E+02 

293 

0. 76365E+02 

294 

0. 79323E+02 

295 

0. 82375E+02 

296 

0.85523E+02 

297 

0. 88770E+02 

298 

0. 92117E+02 

299 

0. 95567E+02 

300 

0. 99122E+02 

301 

0. 10279E+03 

302 

0. 10656E+03 

303 

0. 11044E+03 

304 

0. 11445E+03 

305 

0.11856E+03 

306 

0. 12280E+03 

307 

0. 12717E+03 

308 

0. 13165E+03 

309 

0. 13627E+03 

310 

0.14102E+03 

311 

0. 14590E+03 

312 

0. 15092E+03 

313 

0.15608E+03 

314 

0.16138E+03 

315 

0. 16682E+03 

316 
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RADIANCE  FROM  5.1 

Rad iance 

0. 53339E+02 
0. 57695E+02 
0.62332E+02 
0.67263E+02 
0. 72503E+02 
0.78064E+02 
0.83960E+02 
0. 90206E+02 
0 . 96816E+02 
0. 10380E+03 
0. 11119E+03 
0.11898E+03 
0 . 12720E+03 
0.13585E+03 
0 . 14497E+03 
0.15456E+03 
0.16463E+03 
0. 17522E+03 
0. 18632E+03 
0.19797E+03 
0.21018E+03 
0. 22296E+03 
0.23634E+O3 
0. 25033E+03 
0. 26495E+03 
0.28022E+03 
0. 29616E+03 
0. 31278E+03 
0. 33011E+03 
0. 34817E+03 
0. 36696E+03 
0. 38652E+03 
0. 40687E+03 
0. 42801E+03 
0. 44997E+03 
0. 47278E+03 
0. 49645E+03 


5.7  MICRONS  IN  MICROWATTS/ (cm2  • sr) 

Apparent  Temperature  K 

259 

261 

263 

265 

267 

269 

271 

273 

275 

277 

279 

281 

283 

285 

287 

289 

291 

293 

295 

297 

299 

301 

303 

305 

307 

309 

311 

313 

315 

317 

319 

321 

323 

325 

327 

329 

331 


TABLE  1.4 


RADIANCE  FROM  9.0  - 11.4  MICRONS  IN  MICROWATTS/ (cm2  • sr) 
Radiance  Apparent  Temperature  K 


0.14113E+O4 

271 

0. 14388E+04 

272 

0. 14667E+04 

273 

0. 14949E+04 

274 

0.15234E+04 

275 

0. 15522E+04 

276 

0. 15815E+04 

277 

0. 16110E+04 

278 

0. 16409E+04 

279 

0. 16711E+04 

280 

0. 17017E+04 

281 

0. 17326E+04 

282 

0.17638E+04 

283 

0.17954E+04 

284 

0 . 18273E+04 

285 

0. 18596E+04 

286 

0. 18922E+04 

287 

0. 19252E+04 

288 

0. 19585E+04 

289 

0. 19922E+04 

290 

0. 20262E+04 

291 

0. 20606E+04 

292 

0. 20953E+04 

293 

0. 21304E+04 

294 

0. 21658E+04 

295 

0. 22016E+04 

296 

0. 22377E+04 

297 

0. 22742E+04 

298 

0. 23110E+04 

299 

0. 23482E+04 

300 

0. 23857E+04 

301 

0. 24236E+04 

302 

0.24618E+04 

303 

0. 25004E+04 

304 

0. 25393E+04 

305 

0.25786E+04 

306 

0. 26183E+04 

307 

0. 26583E+04 

308 

0. 26987E+04 

309 

0. 27394E+04 

310 

0.27804E+04 

311 
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TABLE  1.4  (CONTINUED) 


Radiance  Apparent  Temperature  K 


0. 28219E+04 

312 

0. 28637E+04 

313 

0. 29058E+04 

314 

0. 29483E+04 

315 

0.29912E+04 

316 

0. 30344E+04 

317 

0. 30779E+04 

318 

0. 31219E+04 

319 

0. 3I661E+04 

320 

0. 32108E+04 

321 

0.32558E+04 

322 

0. 33011E+04 

323 

0.33468E+04 

324 

0. 33929E+04 

325 

0. 34393E+04 

326 

0. 34861E+04 

327 

0. 35332E+04 

328 

0.35807E+04 

329 

0. 36286E+04 

330 
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APPENDIX  2 

Histograms  of  the  total  area  and  of  subareas  within  the  total 
area  are  presented  in  this  appendix  for  the  NF.VB,  NEVC1,  NEVC2, 

NEVD,  NEVE,  and  NEVF  data  for  each  spectral  band.  The  flight 
parameters  and  terrain  types  for  each  area  are  identified  in  Table  1 
in  the  main  report. 
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DEG.  KELVIN 


Area:  NEVB  Lambda  = 5.1  - 5.7  |im  Total  Area 

Mean  = 282.88  Standard  Deviation  = 3.90 
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DEG.  KELVIN 


DEG.  KELVIN 


Area:  NEVC2  Lambda  = 3.5  - 3.9  )<m  Subareas 


DEG,  KELVIN 
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Area:  NEVC2  Lambda  = 3.9  -4.7  11m  Total  Area 

Mean  = 298.85  Standard  Deviation  = 1.25 


Area:  NEVC2  Lambda  = 9.0  - 11.4  iim  Subareas 
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DEG.  KELVIN 


Area:  NEVE  Lambda  = 3.5  - 3.9  pm  Subareas 


Area:  NEVE  Lambda  = 3.5  - 3.9  pm  Total  Area 

Mean  = 307.94  Standard  Deviation  = 6.70 


260.00  270.00  260.00  2SO.OO  300.00  310.00  320.00  330.00 

DEG.  KELVIN 

Area:  NI'VI'.  Lambda  = J.'i  - 4.7  inn  Subareas 
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Area:  NEVE  Lambda  = 

Mean  = 291.58 


DEG.  KELVIN 


270.00  280.00  290.00  300.00  310.00 

DEG.  KELVIN 


Art;  a:  NEVF 


Area:  NKVF  Lambda  = 3.9  - 4.7  pm  Subareas 


Area:  NEVF  Lambda  = 3.9  - 4.7  um  Total  Area 

Mean  = 286.49  Standard  Deviation  = 5.68 
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APPENDIX  3 


One  dimensional  power  spectra  have  been  measured  from  the  imagery 
for  each  of  NEVB,  NEVC1,  NEVC2 , NEVD,  NEVE,  and  NEVF . The  flight 
parameters  and  terrain  types  for  each  area  are  identified  in  Table  1 
in  the  main  report. 

The  crosstrack  power  spectra  were  obtained  by  averaging  the 
one  dimensional  power  spectrum  measured  for  essentially  all  of  the 
scan  lines  in  the  images.  The  in-track  power  spectra  were  obtained  by 
averaging  the  one  dimensional  power  spectrum  of  twenty-five  lines 
taken  along  the  length  of  the  image  (along  the  direction  of  aircraft 
flight).  These  twenty-five  lines  were  equally  spaced  across  the 
image. 

There  is  a pronounced  increase  in  the  power  spectral  density 

_2 

(K")/(l/M)  in  the  NEVB  crosstrack  data  at  6 x 10  (1/M)  especially 

in  the  3.5  - 3.9  um  data.  This  is  not  a terrain  feature  but  is  due 

to  electrical  pickup  on  board  the  aircraft.  The  feature  is  apparent 

_2 

at  1.5  x 10  (1/M)  in  the  NEVE  data.  The  feature  appears  at  a 

lower  spatial  frequency  in  the  NEVE  data  because  the  data  were 
collected  at  a higher  altitude  (but  the  electrical  pickup  remained 
at  the  same  temporal  frequency) . 
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SPATIAL  FI 

Area:  NEVB  In-Track  Lambda  = 3.9  - 


SPRTIflL  FREQUENCY  (1/0) 

Area:  NKVC1  Crosstrack  Lambda  = 3.9  - 4.7  (*) , 3. 


SPATIAL  FREQUENCY  (l/fl) 

Area:  NEVCL  In-Track  Lambda  = 3.9  -4.7  (*),  3.5  - 3.9  (+) , 9.0  - 11.4  (x) 


Area:  NKVD  Crosstrack 


Area : NEVE 


(U/l)/2**ndUb)  A1ISN30  d3H0d 


Area:  NEVF 


